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A Comparative Study Between Stress Concentration Factor of
the Infinite Plate with Elliptic Hole and Pressure Coefficient of
the Potential Flow Around Elliptie Cylinder.

Dong Hyun Kim and Kab Young Yoon

Abstract

This stucy aims to compare stress concentratior factors in a loaded elastic body of the infinite plate with
pressure coefficients of a f{luid in the potential flow. First, in view of hydrodynamics, when a single elli-
ptic cylinder in the form of a bluff body stands in the potential flow, the pressure distribution(coefficient,
C,) around the elliptic cylinder which is changed according to the position(angular displacements) is theo-
retically analyzed and calculated; secondly, in view of theory of elasticity, when an elliptic hole which is
made on a flat plate gcts tension, the stress distribution (factor) around the elliptic hole which is changed
according to the position (angular displacements) is theoretically (X.) and experimentally (K.) measured;

and finally, The results are compared and examined.
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factor

a :Half the major axis of an elliptic cvlinder n : Fringe order

(Hole) P, : Pressure at the boundary (Surface) of the
b :Half the mincr axis of an elliptic cylinder Elliptic cylinder

(Hole) P :Load acting on model
¢ :Focus of an elliptic cvlinder (Hole) P, : Pressure of uniform stream

c= JaiE=? s :Simple tensile stress in the infinite plate
C, : Pressure coefficient CP::% t : Thickness of model

R V, : Velscity component at the boundary (surface)

kA : Half width of model of the elliptic cylinder on a curve 7
K. : Experimental value of stress concentration Ve : Velocity component at the boundary (surface)

factor of the elliptic cylinder on a curve &
K. :Theoretical value of stress concentration V. : Velecity of uniform stream
* FEr R, B AR a : Stress optical coefficient
EER, FEBASE THAL £ : Angle below the positive x axis in the Fig. 2
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7 7y coordinates of elliptic coordinate system
(p=const, 0<9<27)

6 : Angular displacement (eccentric
(0gh<2z)

& 1§ coordinates of elliptic coordinate svstem
(§=const, 0=§<oe)

oo : Average stress

angle!®)

o, :Normal stress component at the boundary
(surface) of the elliptic hole on a curve 7
g¢ : Normal siress component at the boundary
(surface) of the elliptic hole on a curve &
oe : Tangential stress at the boundary (surface)

of the elliptic hole

L F &
EtIg Er’ﬁfﬁ%’&’— viRse] Mo B&RS 2
! F&ﬁﬁa#ﬂ v RS #BEL Sl A= K

EA Bt Q7 e €A S o]l
Al VRS RS AR BGEER)S) RIS
= f*&@“}ﬂ] w2l 28 MUsE AL ohdARE W

VGD:: § .. —*'v” v ‘ 91/
S X g sﬂ * S
Y Y [

Fig. 2 The infinite plate
in a state of sim-
ple tensile stress

Fig. 1 Steady potential
flow of an infinite
fluid around an
elliptic cvlinder S.
witheut circula-
tion.
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Table 1 Velocity distributions and pressure
coefficients around elliptic cylinder

(6=90°).
Ratio of
eS| pdeg) | o) | S | G

3 Va

a
0.2 90 90 1.2 —0.44
0.4 90 S0 1.4 —0.96
0.5 90 90 1.5 —1.25
0.6 90 90 1.6 —1.56
0.8 9 ) 1.8 —2,24
1.0 90 90 2.0 —=3.0
1.2 90 90 2.2 —3.84
1.4 90 90 2.4 —4.76
1.5 90 90 2.5 —5.25
1.6 90 90 2.6 —5.76
1.8 90 90 2.8 —6.84
2.0 90 90 3.0 —8.0
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Table 2 Stress distributions and stress conce-
ntration factors around Elliptic Hole

(6=50°).
Ratio of
a);es y(deg) f(deg) gq(0s) K.
@
0.2 a0 90 L.4s 1.4
0.4 90 90 1.79s 1.79
0.5 90 90 2.00s 2.00
0.6 <0 90 2. 20s 2.20
0.8 90 90 2. 60s 2.60
1.0 50 90 3.0 s 3.0
1.2 90 90 3.4s 3.4
1.4 90 90 3.79s 3.79
1.5 90 90 4.0s 4.0
1.6 90 0 4.19s 4.19
1.8 0 90 4.60s 4.60
20 | 9 90 505 | 5.0
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Fig. 4 Shape of models.

Table 3 Dimension of models,

Model \ Ratio of axes Dimension(mm)
Number Shape l —(ll’— 2a 2b
Model 1 ‘ 0.2 50 10
” 2 0.4 25 10
” 3 Elliptic hole i 0.5 20 10
” 4 ’ 0.6 16. 666 10
" 5 [ 0.8 12,5 10
» 6 | Circular hole | 1.0 10 10




noo7 1.2 16. 666 20

" ; 1.4 14. 285 20

" ¢ t 1.5 13.333 20

" 10 i Elliptic hole L6 12.5 20

vl 1.8 11.111 20

o1z 2.0 ! 10 20
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Table 5 Stress concentration factors

& B K-FH K

and pressure coeffcients(6=90°).

Ratio of axes(z)‘ 0.2! 0.4 0.5‘ 0.6 0.8 1.0. 1.2 1.4l 1.5\ 16| 1.8 2.0
Coefficient or factor | |
C, ‘—0.44}—0.96—1.25—1.56*—2.24—3 —3.84/—4.76/—5. 25|—5.76/—6. 84! —8
K. 1.4) 1.8| 20| 2.2] 26| 3 | 34| 38| 4 | 42| 46| 5
i
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